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SUMMARY
Robust disease burden estimates are important for decision-making concerning introduction of
new vaccines. Dengue is a major public health problem in the tropics but robust disease burden
estimates are lacking. We conducted a two-sample, capture–recapture study in the largest
province in Cambodia to determine disease under-recognition to the National Dengue
Surveillance System (NDSS). During 2006–2008, community-based active surveillance for acute
febrile illness was conducted in 0- to 19-year-olds in rural and urban areas combined with testing
for dengue virus infection. Of 14 354 individuals under active surveillance (22 498 person-seasons),
the annual incidence ranged from 13.4 to 57.8/1000 person-seasons. During the same period,
NDSS incidence rates ranged from 1.1/1000 to 5.7/1000, which was 3.9- to 29.0-fold lower than
found in the capture–recapture study. In hospitalized cases, the rate of under-recognition was
1.1- to 2.4-fold. This study shows the substantial degree of under-recognition/reporting of dengue
and that reported hospitalized cases are not a good surrogate for estimating dengue disease
burden.
Key words : Active surveillance, Cambodia, capture–recapture, cohort, dengue, national
surveillance, underreporting.
INTRODUCTION
Dengue viruses (DENV) produce the most common
arthropod-borne infections worldwide and dengue
remains a major public health problem in tropical
countries despite aggressive measures to control the
mosquito vector [1]. Several dengue vaccine candi-
dates are in the late stages of development and have
entered clinical trials [2–4]. Once safe and effective
dengue vaccines become available, robust estimates
of dengue disease burden will be required in order
to make decisions regarding their integration into
national immunization programmes [5–7]. However,
national surveillance data have often been shown to
significantly underestimate true incidence and burden
for a number of diseases.
Dengue is endemic in Cambodia, with co-
circulation of all four DENV serotypes during most
years. Since 2002, 10 000–40 000 hospitalized dengue
cases in children aged f15 years have been reported
annually to the Cambodian National Dengue Sur-
veillance System (NDSS) [8]. However, the NDSS
clinical case definition does not require laboratory
confirmation of DENV infection and only includes
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hospitalized children aged f15 years. To assess the
degree of underreporting and under-recognition of
dengue in the Cambodian national surveillance sys-
tem, we performed a capture–recapture analysis [9]
during 2006–2008.
METHODS
Cambodia, one of the poorest countries with an an-
nual GDP per capita of US$ 600, is located in tropical
Asia with a population of 14.4 million, y50% of
whom are children aged f15 years and an estimated
annual population growth rate of 1.8%. Phnom Penh
is its capital city with a population of 1.4 million. The
country consists of 24 provinces, 185 districts, and
13 408 villages [10]. This project was a partnership
between the Cambodia National Dengue Control
Programme in theMinistry of Health, Institut Pasteur
in Cambodia (IPC) and the Pediatric Dengue Vaccine
Initiative (PDVI), a programme of the International
Vaccine Institute (IVI), Seoul, Korea. The study
protocol was approved by the Cambodia Ethics
Committee for Health Research and the Institutional
Review Board of the IVI, Seoul, Korea.
Capture–recapture method
A two-sample, capture–recapture method was used
to determine the effectiveness of NDSS reporting and
the strength of incidence estimates. The capture con-
sisted of identification of laboratory-confirmed den-
gue cases through active surveillance for febrile illness
in the study population over the 3-year period. The
recapture consisted of identification of all dengue
cases residing in the study area and reported to the
NDSS over the same 3 years. Dengue cases identified
in the capture and recapture were compared to de-
termine matches. An estimation of the total number
of dengue cases (N) in the population under active






where NA and NB are dengue cases detected in the
capture and the recapture, respectively, and xAB is the
dengue cases identified in both captures (matches).
The 95% confidence interval (CI) for the estimate of











where xA0 is the dengue cases captured by NDSS but
not by active surveillance and x0B is the cases captured
by active surveillance but not by NDSS. Both num-
bers xA0 and x0B are derived from NAxxAB and
NBxxAB, respectively.
Case definitions
We defined true dengue cases as persons with a
febrile illness that were DENV-positive by serology
or molecular testing. Dengue cases for the purposes of
NDSS reporting were identified on a clinical basis
using the 1997 World Health Organization case defi-
nition [13]. Incidence rates were expressed in person-
seasons because our previously published estimates of
incidence stem from data collected during the dengue
season and not year-round. These data were not an-
nualized assuming they represented annual incidence
because of the marked seasonality of dengue [14].
Capture: study population under active,
community-based surveillance
During 2006–2008, active, community-based surveil-
lance for febrile illnesses was conducted in a con-
venience sample of 32 villages and 10 urban areas in
four districts of Kampong Cham province, which is
the most populous province of Cambodia with y1.7
million people and a capital city of y90 000 people.
Not all study villages and urban areas were included
for the entire period; five were included for 3 years,
13 for 2 years and the remainder for only 1 year. The
study population – defined as the population under
active surveillance – represented 34% of the total
population of these villages or urban areas (range
6.2–78.6% per village or urban area). A total of
14 354 individuals aged <20 years had 22498 person-
seasons of surveillance follow-up over the 3-year
period. Active surveillance was conducted over the
3 years, mainly during the rainy season: 6657 children
agedf15 years from 16 villages were followed during
8 May–23 November 2006; 10 086 and 7673 in-
dividuals aged <20 years were followed during
1 June–31 December 2007 and 1 April–31 December
2008, respectively. As described previously [14], a
census was updated in each village to identify eligible
families, a village team visited families once a week to
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identify persons with fever or history of fever (axillary
temperatureo37.5 xC) in the previous 7 days. In 2007
and 2008, digital thermometers and temperature log-
books were additionally provided to participating
households to record any suspected fever occurring
between two visits. Acute- and convalescent-phase
serum samples were collected by an investigation
team after obtaining signed consent and signed par-
ental consent for children aged<18 years. Additional
information relating to type of care sought were col-
lected during the convalescent phase (14–21 days after
fever onset). Blood specimens were transported to
Kampong Cham Hospital at 4 xC in insulated boxes,
separated into serum aliquots, which were stored in
liquid nitrogen and transported to IPC twice weekly
for subsequent serological and molecular testing. All
acute- and convalescent-phase serum specimens were
tested for both anti-DENV IgM and anti-Japanese
Encephalitis virus (JEV) IgM using in-house capture
enzyme-linked immunosorbent assays (MAC-ELISA)
as described by Rossi & Ksiazek [15] and adapted for
DENV and JEV diagnosis [16]. Only acute-phase sera
of participants who were positive for anti-DENV IgM
in the convalescent sample were tested for DENV
using molecular methods. DENV ribonucleic acid
amplification, detection and serotyping were per-
formed using reverse transcriptase–polymerase chain
reaction (RT–PCR) according to Lanciotti et al. [17]
as modified by Reynes et al. [18]. Overall, the median
age of participants was 7 years and 52% were males.
The number of refusals to participate in the study
averaged 0.6% per year (range 0.4–0.9%). Few par-
ticipants (average 0.9%, range 0.8–1.1%) moved
outside the surveillance area.
Recapture: national dengue surveillance
The NDSS is based on reporting of hospitalized,
clinically diagnosed dengue cases aged f15 years [8].
The National Dengue Control Programme (NDCP)
gathered data reported passively from referral hospi-
tals (all public-sector hospitals) and collected actively
at sentinel hospitals on only a weekly basis. Sentinel
sites included one not-for-profit private paediatric
hospital in Phnom Penh, two not-for-profit private
paediatric hospitals in Siem Reap, the national pae-
diatric hospital in Phnom Penh, and one public-
sector hospital each in Takeo and Kampong Cham
provinces. Patient data collected on the NDSS re-
porting form includes name, demographics, classifi-
cation of disease severity [dengue fever (DF), dengue
haemorrhagic fever (DHF) and dengue shock syn-
drome (DSS)], district of residence and disease out-
comes. The forms were stored centrally at the NDCP
office and data were entered into a computerized
database using statistical software. A system was in
place to check patients’ names so that there was no
duplication of those who were hospitalized at several
different sites for the same illness episode.
Data analysis
Matching processes
A database of the entire study population was estab-
lished in the Khmer language and cases from the two
captures were also entered in a database in Khmer
(Microsoft Access 2003, Visual Basic 6.0 interface;
Microsoft, USA). Because Khmer is a complex lan-
guage, we converted family and first names for all lists
and databases, including NDSS, into Latin letters
using accepted, predefined rules [19]. Conversions
were performed by a single person and validated in-
dependently by two other staff trained in the method.
Duplicate entries were removed, and the active
surveillance and NDSS databases were merged and
sorted by names, gender, district of residence, date of
hospital admission (¡1 week) and age (¡2 years).
A wide range was allowed for ages since Khmer ages
are calculated using a semi-lunar calendar. Matches
were then visually and phonetically inspected using
the original Khmer names.
The capture–recapture analysis
Dengue cases identified by active surveillance in the
study population (NA) were readily available. How-
ever, dengue cases from the study population reported
to NDSS (NB) were not readily identified directly be-
cause the NDSS cases only had name and district of
residence, and not village of residence. Therefore, the
list of dengue cases reported to NDSS during each
year of this study was extracted in a two-step process.
First, we extracted cases reported for the same periods
as the active surveillance study who resided in the four
districts that encompassed the active surveillance
study (Ndistricts). Second, this list (Ndistricts) was name-
matched to the list of all active surveillance partici-
pants during the respective time periods (Pcohort).
Thus, NB=Pcohort\Ndistrict (Fig. 1).
Matching the laboratory-confirmed dengue cases
identified by active surveillance (NA) and the cases
identified through NDSS (NB) led to identification of
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‘ true dengue’ cases matched in both captures [xAB
(=NA\NB)].
We then determined dengue cases captured by ac-
tive surveillance but not by NDSS (x0A=NAxxAB).
We also determined the number of dengue cases cap-
tured by NDSS but not by active surveillance
(xB0=NBxxAB). In addition, some patients captured
by both systems tested negative for DENV infection
in the active surveillance study; therefore we corrected
xB0, to exclude these false-positive cases (FP):
xB0 – FP. We used a probability estimate (y) to define
as DENV-positive those cases in the NDSS not cap-
tured and laboratory-tested by active surveillance
(xB0 – FP) as follows:
y=xAB=(NBxFP): (2)
Hence, the final number of DENV-positive cases in
the non-tested dengue cases reported to NDSS was
y*(x0BxFP): (3)
A ‘corrected’ NB was determined
corrected NB=xAB+y*(x0BxFP) (4)
from the clinically diagnosed dengue cases captured
by NDSS and in the study population for the re-
spective study years in which false-positive cases were
excluded. Finally, we estimated the total number of
dengue cases (N) in the study population, using NA,
corrected NB and xAB in equation (1).
An expansion factor, defined as the inverse of the
NDSS underreporting rate, was obtained by dividing
N, the total number of dengue cases in the study
population (estimated by capture–recapture) by NB,
the number of cases in the study population reported
to NDSS.
We performed all statistical analyses using Stata
version 9.0 (StataCorp, USA) and Excel 2003
(Microsoft, USA).
RESULTS
The annual number of dengue cases reported by
NDSS as residents of the study districts (Ndistrict) were
661, 1445 and 529 for the respective three study years,
which yielded annual incidences of 3.6, 5.1 and
1.9/1000 for persons aged<20 years in 2006, 2007 and
2008, respectively. During the large 2007 epidemic,
most of the hospitalized cases reported to NDSS were
reported as ‘cases with complications’ (i.e. DHF or
DSS) (55.9%), a complication rate significantly
higher than that of 2006 (46.0%, P=0.001) and 2008
(33.3%, P<0.001). No gender differences were ob-
served between the two case-capture systems (Table 1).
A total of 89, 530 and 117 dengue cases were de-
tected during each of the three study years, respect-
ively, yielding an annual incidence of 13.4/1000
person-seasons in 2006, 57.8/1000 person-seasons in
2007 and 17.6/1000 person-seasons in 2008. Signifi-
cant differences in the proportion of cases requiring
hospitalization were observed during the study:
41.6%, 10.6% and 2.6% in 2006, 2007 and 2008,
respectively (P<0.001). The highest age-specific
Pcohort’ study population under active
surveillance
NA = no. of dengue cases
detected by active
surveillance within the
study population [xA 0 + xAB]
NB = no. of dengue cases
detected by NDSS within the
study population [x0B + xAB]
Ndistricts = no. of dengue 
cases identified by NDSS in




Fig. 1. Graphic representation of the capture–recapture study comparing the Cambodian National Dengue Surveillance
System (NDSS) and active surveillance for febrile illness and dengue in study areas of Kampong Cham province, 2006–2008.
* Within the study population: x0B=number of dengue cases only identified by NDSS; xA0=number of dengue cases only
identified by active surveillance ; xAB=number of matched dengue cases between NDSS and active surveillance.
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incidence rates were observed in the 0–4 years (annual
range 13.2–81.7/1000 person-seasons) and 5–9 years
(annual range 15.9–84.2/1000 person-seasons) age
groups [14].
The number of dengue cases reported to the NDSS
that were also identified by active surveillance in the
study population (NB) numbered 23, 29 and 4 for
2006, 2007 and 2008, respectively. Of these, the true
cases (i.e. laboratory-confirmed DENV infection;
xAB) numbered 19, 17 and 2 during the 3 years, re-
spectively. There were four false-positive cases ident-
ified in the NDSS in 2006, six in 2007, and none in
2008 which were used to estimate the probability of
true dengue cases in those reported to NDSS [see
equations (2) and (3)]. This estimate [equation (4)]
yielded a corrected NB of 19, 23 and 2 for the 3 years,
respectively. The estimated number of dengue cases
(N) in the study population that should have been
identified [equation (1) with NA, corrected NB and
xAB] was 89, 648 and 148 in 2006, 2007 and 2008,
respectively (Tables 1 and 2). When compared with
the cases reported to NDSS (Table 2) over the 3-year
period, the calculated expansion factors were 3.9
(95% CI 3.5–4.2) in 2006, 22.3 (95% CI 18.1–26.6) in
2007 and 29.0 (95% CI 16.5–42.0) in 2008.
Hospitalized dengue cases
The NDSS only captures hospitalized cases. The
number of dengue cases identified in the active sur-
veillance study subsequently reported as being hospi-
talized (NB), was 41, 56 and 3 in 2006, 2007 and 2008,
respectively. The estimated number of hospitalized
dengue cases in the active surveillance study group
was 41, 69 and 4 from 2006 to 2008 (calculated from
xAB and x0B and corrected NB for hospitalized cases).
Hence, the calculated expansion factors for hospita-
lized cases reported to NDSS were 1.8 (95% CI
1.7–2.0) for 2006, and 2.4 (95% CI 2.0–2.8) in 2007
and 1.1 (95% CI 0.8–1.4) in 2006.
DISCUSSION
Undercounting of dengue cases is a common problem
to most surveillance systems, particularly when
the case definition uses the previous 1997 WHO
Table 1. Characteristics and outcomes of active, community-based fever surveillance and the National Dengue
Surveillance System (NDSS), capture–recapture study, Kampong Cham Province, 2006–2008
2006 2007 2008
Surveillance periods 8 May–23 Nov. 1 June–31 Dec. 1 Apr.–31 Dec.
Surveillance duration, days 199 214 275
Active community-based surveillance
Villages, n 16 25 25
Participants aged <20 years, n 6657 10 086 7769
Refusals, % 1.1 0.9 0.76
Person-seasons of observation 6693 9167 6639
Dengue cases detected, n 89 530 117
Incidence of dengue/1000 person-seasons 13.3 57.8 17.6
Demographics of dengue cases
Male, % 52.8 47.2 50.4
Mean age (median), years 6.6 (6) 7.1 (6) 8.3 (8)
Number of hospitalized dengue cases, % 41 (46.1) 56 (10.6) 3 (2.6)
Incidence of hospitalized dengue/1000 person-seasons 6.1 6.1 0.5
Demographics of hospitalized dengue cases
Male, % 51.7 47.6 49.8
Mean age (median), years 6.6 (6) 7.1 (6) 8.3 (8)
NDSS
Districts where study villages were located, n 3 4 4
Population aged <20 years in the study districts 181 876 284 194 286 130
Dengue cases reported from study districts 661 1,445 529
Incidence/1000 person-seasons in the study districts 3.6 5.1 1.9
Demographics of dengue cases
Male, % 48.8 50.6 46.7
Mean age (median), years 6.5 (6) 6.5 (6) 6.6 (6)
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classification and case definition and only includes
hospitalized cases [20] ; as a result, many severe cases
other than those of DHF or DSS were probably
missed by the NDSS [21]. As shown in this study, a
substantial proportion of the overall disease incidence
is represented by non-hospitalized persons who pres-
ent initially with a febrile illness, which is subse-
quently found to be dengue. We conservatively
estimated that there was a 4- to 30-fold degree of
dengue under-recognition and underreporting to
NDSS during 2006–2008 in Kampong Cham, the
most populous province in Cambodia. Interestingly,
under-detection levels changed significantly from one
year to another: from 4- to 22-fold during the 2006
and 2008 non-epidemic years, and 29-fold during the
2007 large-scale epidemic year. As shown, the major
reason for underreporting is related to hospitalization
rates, which itself could be considered as a surrogate
for severe dengue illness. The expression of disease
severity and to a certain extent hospitalization rates
are probably affected by a intertwined number of
factors, including introduction of new DENV types
[22, 23], viral genetic factors associated with severe
disease, and the host’s pre-existing immunity from
a prior dengue virus infection to another serotype
leading to antibody enhancement or cross-protective
heterotypic antibody. Changes in healthcare-seeking
behaviours of the population and clinical practices
could have also affected hospitalization rates but were
unlikely in our study area.
In contrast, our results indicated that under-recog-
nition and reporting for hospitalized cases of dengue
were much lower and generally more stable from year
to year. However, during the large epidemic in 2007,
underreporting was twofold higher than in other
years. Dengue is high focally and explosive in nature.
Health facilities, which cover an affected area could
be rapidly saturated by the overflow of patients.
Table 2. Results of capture–recapture analysis using two sources*, all dengue cases and hospitalized dengue cases,
Kampong Cham province, Cambodia, 2006–2008
2006 2007 2008
No. of dengue cases in the active surveillance study identified by NDSS (NB) 23 29 4
No. of laboratory-confirmed matched dengue cases detected by both sources (xAB) 19 17 2
No. of cases captured by NDSS but not captured by active surveillance study (x0B) 4 12 2
No. of cases reported to NDSS and captured by active surveillance study as
non-dengue [false-positive (FP) cases]
4 6 0
Estimated probability of DENV-positive cases reported to NDSS but not
captured by active surveillance study: y=xAB/(NB – FP)
100% 74% 50%
No. of cases reported to NDSS but not captured by active surveillance 0 6 2
Estimated no. of DENV-positive dengue cases reported to NDSS but not
captured by active surveillance=y(x0B – FP)
0 4 1
Estimated no. of dengue cases in active surveillance identified by NDSS,
corrected NB=xAB+[y(x0B – FP)]
19 21 2
Estimations for dengue cases in the active surveillance study population
No. of DENV confirmed cases identified by active surveillance (NA) 89 530 117
Estimated no. of dengue cases by capture–recapture (N)# 89 648 168
Estimated incidence of dengue in the study population/1000 person-seasons 13.4 70.7 17.6
95% CI 5.1–12.8 57.3–84.0 9.9–38.0
Overall expansion factor (N/NB) 3.9 22.3 29.3
95% CI 3.5–4.2* 18.1–26.6 16.5–42.0
Estimation for hospitalized cases in the study population
No. of dengue cases who reported hospitalization identified by active
surveillance (NA)
41 56 3
Estimated no. of hospitalized dengue cases by capture–recapture (N) 41 69 4
Estimated incidence of laboratory-confirmed dengue cases# 6.1 7.5 0.6
95% CI 6.0–6.9 6.3–8.7 0.5–0.9
Overall expansion factor for hospitalized cases (N/NB) 1.8 2.4 1.1
95% CI 1.7–2.0 2.0–2.8 0.8–1.4
NDSS, National Dengue Surveillance System; DENV, dengue virus ; CI, confidence interval.
* Active surveillance study as capture 1 and NDSS as capture 2.
# Applying equation (1) and using NA, corrected NB and xAB parameters.
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Consequently, hospital staff dealing with the increas-
ing workload may treat case reporting as a lower pri-
ority [24]. In other words, many cases may not have
been notified during the rush period, which may have
explained the higher degree of underreporting of
NDSS during the 2007 epidemic.
Taken together, these findings raise important
perspectives. First, to rely exclusively on reports of
hospitalized cases for surveillance of dengue would
significantly underestimate the trends and the magni-
tude of the burden of disease in Cambodia, and
probably any other country. The reason being that
the number and proportion of hospitalized cases is
not directly proportional to the overall disease inci-
dence from year to year. Our findings show that
NDSS appeared to accurately and consistently cap-
ture hospitalized cases over time. If these results can
be generalized to other areas of Cambodia, trends of
incidence generated by NDSS by district may reflect
spatial-temporal dynamics of dengue in Cambodia.
Space–time modelling of dengue incidence could be
subsequently developed to predict patterns of trans-
mission and at-risk areas so that appropriate control
interventions could begin ahead of the dengue season.
To the extent our estimates of the degree of under-
reporting can be extrapolated to the whole country
needs further investigation.
The capture–recapture analysis also enabled us to
estimate the sensitivity of active, community-based
surveillance for acute febrile illness. Despite weekly
home visits and commitment of mothers to report
febrile illnesses, the sensitivity of this surveillance did
not reach 100% in detecting all hospitalized dengue
cases over the 3-year period, particularly in 2007.
This finding is plausible since reporting to com-
munity surveillance workers always depended on the
mothers’ goodwill and recording of the fever events.
Thus, it is likely that some mothers would rush to a
healthcare facility/hospital once their child became
febrile or once complication signs were recognized,
particularly during the large epidemic, and would not
bother to report the febrile illness to the surveillance
team.
Results of our study must be interpreted in light of
several possible limitations.
First, because we only conducted active dengue
surveillance during the dengue epidemic season, it is
unclear whether the degree of underreporting would
be different compared to that of the off-dengue
seasons. Nevertheless, it is unlikely that this data
would affect our overall finding as less than 5% of the
laboratory-confirmed cases from NDSS occurred be-
tween dengue seasons [8].
The second issue is whether the capture–recapture
methodology met the six conditions for validity
[9, 11, 12]. These included that : (1) sources and
measurement of the capture and recapture groups
were independent ; (2) all cases must have the same
probability of identification within each identification
system, although the probability of capture may vary
between systems; (3) capture and recapture must
be conducted during concurrent time periods and the
populations must be geographically inclusive; (4) the
population must be closed and have little in- or out-
migration; (5) matching of cases between the data
sources must be high probability matches; and (6) re-
ported cases must be true cases.
Ensuring the independence between the capture
and recapture sources is more difficult to achieve
when only two data sources are employed. While
more than two data sources would have allowed use
of a log-linear model and generated more reliable
estimates [25, 26], we assessed dependence using a
qualitative approach [12] : when a case was detected
by active community surveillance, there were no sys-
tematic reports to NDSS since parents/patients were
free to choose their caregivers and the surveillance
staff were specifically trained not to interfere with
their patients’ healthcare-seeking behaviour. How-
ever, despite these precautions, the degree of depen-
dency between NDSS and active surveillance remains
somewhat uncertain and if there was positive depen-
dency between the two sources, true matches would
increase and the results would tend to underestimate
N, the total number of dengue cases.
The assumption that all cases have the same prob-
ability of capture by a given system was met through
regular monitoring of the quality of home visits in the
active, community-based surveillance. We are confi-
dent that the probability of capturing a person with a
febrile illness would be the same for all participants
over the 3-year study period. In contrast, inherent to
NDSS, severe cases were more likely to be hospita-
lized and subsequently reported to NDSS. In other
words, moderate forms of dengue, even if requiring
hospitalization and missed by active surveillance
would have little probability of being captured by
NDSS. Therefore, estimating accurately the overall
number of dengue cases would mainly depend on
performance of the active surveillance system.
The remaining assumptions were easier to validate
and included: that matches between the data sources
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were performed for the same time periods and for the
same administrative districts ; that there was minimal
in- and out-migration (<1%); that we ensured the
accuracy of the reports and matching through the
standardized process described in the Methods sec-
tion; and that true matches between the two lists were
confirmed DENV infection.
Capture–recapture analysis has been frequently
used to estimate numbers of accidents and injuries
[27] and chronic diseases [28–32]. It has been less fre-
quently used to evaluate infectious disease surveil-
lance systems [33] and to our knowledge, only one
study applied the method to estimate surveillance for
dengue, which was in Puerto Rico [34]. Based on our
results, we suggest this method may prove to be a
worthwhile tool for assessing the magnitude and the
pattern of underreporting in dengue national surveil-
lance systems, and allow for better estimates of dis-
ease burden from these systems. Given the cyclical
nature of dengue incidence, any assessment of dengue
surveillance, capture–recapture or other, needs be
conducted over several years to encompass epidemic
cycles.
ACKNOWLEDGEMENTS
We are most grateful to the study participants from
the Kampong Cham community for their enthusiasm
and support. We also thank the members of the teams
for their dedicated work in this study. The active
surveillance project was funded by the KOICA
(Korea International Cooperation Agency) and The
Pediatric Dengue Vaccine Initiative which received





1. Gubler DJ, Clark G. Dengue/dengue hemorrhagic
fever : the emergence of a global health problem.
Emerging Infectious Diseases 1995; 1 : 55–57.
2. Lang J. Recent progress on Sanofi Pasteur’s dengue
vaccine candidate. Journal of Clinical Virology 2009; 46
(Suppl. 2) : S20–S4.
3. Guy B, et al. Cell-mediated immunity induced by chi-
meric tetravalent dengue vaccine in naive or flavivirus-
primed subjects. Vaccine 2008; 26 : 5712–5721.
4. Sun W, et al. Phase 2 clinical trial of three formu-
lations of tetravalent live-attenuated dengue vaccine
in flavivirus-naı̈ve adults. Human Vaccines 2009; 5 : 33–
40.
5. Hombach J. Guidelines for clinical trials of dengue
vaccine in endemic areas. Journal of Clinical Virology
2009; 46 (Suppl. 2) : S7–S9.
6. DeRoeck D, Deen J, Clemens JD. Policymakers’ views
on dengue fever/dengue haemorrhagic fever and the
need for dengue vaccines in four Southeast Asian
countries. Vaccine 2003; 22 : 121–129.
7. Mahoney RT, et al. The introduction of new vaccines
into developing countries. IV: Global access strategies.
Vaccine 2007; 25 : 4003–4011.
8. Huy R, et al.National dengue surveillance in Cambodia
1980–2008: epidemiological and virological trends and
the impact of vector control. Bulletin of the World
Health Organization 2010; 88 : 650–657.
9. Hook EB, Regal RR. Capture-recapture methods.
Lancet 1992; 339 : 742.
10. Ministry of Planning, Government of Cambodia.General
Population Census of Cambodia 2008, Provisional
population totals. National Institute of Statistics, 2008.
11. Gallay A, et al. The capture-recapture applied to epi-
demiology : principles, limits and application. Revue
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